Elevated hydrostatic pressure selectively alters TGF-B2, ET-1, and CTGF gene
expression In human trabecular meshwork cells
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Introduction

Glaucoma Is a leading cause of blindness worldwide, projected to
affect nearly 80 million people by the year 2020.% In the US, it is
estimated that nearly 2 million individuals age 45 years and older
have primary open angle glaucoma (POAG), the most prevalent form
of the disease.

The pathophysiology of POAG remains unclear. Elevated intraocular
pressure (IOP), however, Is considered a poorly understood hallmark
of POAG. Within healthy eyes, I0OP Is maintained by a balance of
agueous humor (AH) production and outflow. Increased AH outflow
resistance Is considered a major contributor to IOP elevation.

Previous studies have shown that TGF-B2, a pro-fibrotic cytokine,
enhances outflow resistance and increases IOP, In part, by inducing
endothelin-1 (ET-1) and connective tissue growth factor (CTGF)
expression and release within the TM.2°

The effect of elevated pressure itself, however, on TM cell responses
IS not well understood. Here, we show that human TM cells acutely
exposed to elevated hydrostatic pressure exhibit marked increases In
endogenous CTGF, ET-1, and TGF-32 expression and release.

Methods

General Design: Primary (hTM) or SV-40 transformed human TM (GTM3) cells were cultured in DMEM
containing GlutaMAX-1 supplemented with 10% FBS, 100 U/ml penicillin, and 100 pg/ml streptomycin under
an atmosphere of 5% CO, / 95% air at 37°C. Confluent cultures were serum-starved x 24h, media replaced with
fresh DMEM, and immediately sealed in a chamber under an atmosphere of 5% CO, / 95% air at 37°C at either
ambient pressure (1 atmosphere/760 mm Hg), or at elevated pressures of +30 mmHg above ambient for up to
48h.

F-Actin Staining: Cultured TM cells were fixed in freshly prepared phosphate-buffered (10 mM, pH 7.4) 4%
paraformaldehyde (PFA) x 10 min at 23°C. Fixed cells were stained (x 20 min) with 165 nM phalloidin 488,
counterstained with 4’,6-diamidino-2-phenyindole (DAPI). Qualitative changes in F-actin staining was captured
using a Leica TCS SPE confocal microscope and imaging suite.

Real-Time RT-PCR: Total RNA was extracted from treated cells using TRIzol reagent and 1 ug was reverse-
transcribed. cDNA sequences were amplified by real-time PCR with a BioRad CFX Connect PCR detection
system using human specific primer sets. In each case, the specificity of the real-time reaction product was
confirmed by melt curve analysis. Relative fold-changes in mRNA content were normalized to GAPDH. In
some experiments, a predesigned microarray containing 16 unique “POAG” primer sets (BioRad) was
evaluated according to the manufacturer’s instructions.

ELISA: ET-1, active or total TGF-B2 in cell culture supernatants from cells treated as described above were
quantified using commercially available human-specific ELISA Kits.

Immunoblot: Cells treated as described above were lysed in 2x Laemmli's sample buffer. Culture media was
collected and concentrated by vacuum centrifugation. Proteins (30 pg per lane) in cell lysates or concentrated
media were resolved by PAGE, electro-transferred onto nitrocellulose membranes, and immunostained using a
1:1000 dilution of rabbit anti-human caspase 3, 1:500 dilution of goat anti-human CTGF, or 1:10,000 dilution
of rabbit anti-human GAPDH primary antibody. Washed membranes were incubated x1h at 23°C in a 1:10,000
dilution of peroxidase-conjugated goat anti-rabbit or donkey anti-goat 1gG secondary antibody, respectively.
Immunostained proteins were visualized by ECL.

LDH assay: Lactate dehydrogenase (LDH) released into the culture media from cells treated as described
above was quantified colorimetrically.® Aliquots of culture media were incubated with iodonitrotetrazolium
chloride x 1h at 23°C and formazan precipitate dissolved in DMSO and absorbance read at 490 nm.

MTT assay: Mitochondrial function was determined colorimetrically using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT). Adherent cells were incubated in the presence of 1 mM MTT x 2h at 37°C
followed by addition of DMSO. Absorbance was read at 570 nm.

References

1. Quigley HA, Broman AT. The number of people with glaucoma worldwide in 2010 and 2020. The British journal of
ophthalmology 2006;90:262-267.

2. Tripathi RC, Li J, Chan WF, Tripathi BJ. Aqueous humor in glaucomatous eyes contains an increased level of TGF-p32.
Experimental eye research 1994;59:723-727.

3. \Von Zee CL, Langert KA, Stubbs EB, Jr. Transforming growth factor-f2 induces synthesis and secretion of endothelin-1 in
human trabecular meshwork cells. Investigative ophthalmology & visual science 2012;53:5279-5286.

4, Fuchshofer R, Yu AH, Welge-Lussen U, Tamm ER. Bone morphogenetic protein-7 is an antagonist of transforming growth
factor-2 in human trabecular meshwork cells. Investigative ophthalmology & visual science 2007;48:715-726.

5. Pervan CL, Lautz JD, Blitzer AL, Langert KA, Stubbs EB, Jr. Rho GTPase signaling promotes constitutive expression and
release of TGF-B2 by human trabecular meshwork cells. Experimental eye research 2015;146:95-102.

6. Kaja S, Payne AJ, Singh T, Ghuman JK, Sieck EG, Koulen P. An optimized lactate dehydrogenase release assay for screening
of drug candidates in neuroscience. Journal of Pharmacological and Toxicological Methods 2015;73 1-6.

> Department of Ophthalmology, Loyola University Chicago, Maywood, IL

® Research Service, Edward Hines Jr. VA Hospital, Hines, IL

LOYOLA
MEDICINE

GCLORIAM

Loyola University Chicago
Stritch School of Medicine

Results

Figure 1: Hydrostatic Pressure Chamber

w
o
1

[}
o
1

[EEN
o
1

Pressure (mmHGg)

0 3 6 9 12
Time (h)

(A) Custom built chamber used to culture human TM cells at elevated hydrostatic pressures. (B) Representative pressure trace of
GTMBS cells cultured at elevated (+30 mmHg) pressure for 12 hours

Figure 2: Effect of elevated hydrostatic pressure on TM cell viability
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GTM3 cells were cultured for up to 24h at ambient or elevated hydrostatic pressure (+30 mmHg), as indicated. (A) Mitochondrial
function or membrane integrity were assessed by MTT formation and LDH release, respectively. Relative values were normalized
to ambient pressure controls. (B) Western immunoblot of total and cleaved caspase 3. GAPDH was used as loading control. Data
shown are the means £ SEM (N = 8). * p <0.05, two-way ANOVA with a Bonferroni post hoc.

Figure 3: Elevated hydrostatic pressure increases F-actin
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Representative duplicate confocal images of GTM3 cells cultured at ambient or elevated hydrostatic pressure (+30 mmHg), as
indicated, and stained for filamentous (F) actin (phalloidin, green) and counterstained with DAPI (blue). GTM3 cells treated with
TGF-B2 (5 ng/ml, 24h) and stained for F-actin are shown for comparison.
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Figure 4: Elevated hydrostatic pressure selectively enhances expression
of “POAG” associated genes
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GTM3 cells were cultured at ambient or elevated hydrostatic pressure (+30 mmHg, x 6h), as indicated. Relative changes in mMRNA
content were analyzed utilizing a predesigned “POAG” nano-array. Data shown are the mean fold-changes £ SEM (N=4) from two
independent experiments. * p<0.05, Student’s t-test.

Figure 5: Elevated hydrostatic pressure enhances TGF-p2,
PPET-1, and CTGF expression and release
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Human primary (hTM) or transformed (GTM3) TM cells were cultured at ambient or elevated hydrostatic pressure (+30 mmHg),
as indicated. (A-C) Relative changes in mRNA content were quantified by gPCR. (D-F) Proteins secreted into the culture media
were quantified by ELISA. (G) Relative content of secreted CTGF was measured by immunoblot. Data shown are the mean fold
changes + SEM (N=6). *, p<0.05 relative to ambient pressure control; two-way ANOVA with Bonferroni post hoc analysis.

Figure 6: Elevated hydrostatic pressure selectively alters
ECM mRNA content
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GTM3 cells were cultured at ambient or elevated hydrostatic pressure (+30 mmHg), as indicated. Relative changes in mRNA
content were analyzed by qPCR. Data shown are the mean fold-changes + SEM (N=6). *, p<0.05 relative to ambient pressure
control; two-way ANOVA with Bonferroni post hoc analysis.

Summary/Conclusion

Cultured human TM cells acutely challenged with elevated hydrostatic pressure exhibit increases in F-actin as well as
selective increases In TGF-B2, ET-1, CTGF, and Col type VI expression. Elevated hydrostatic pressure mediated changes in
gene expression occur by a mechanism that involves activation of the ETg receptor but is independent of TRPV 1, TRPV 4
or oxidative stress. Collectively, these results suggest that Pressure-dependent changes in TM cell gene expression
represent a feed-forward mechanism that exacerbates TGF-£2 associated increases in TM cell contractility and altered

ECM remodeling in affected POAG patients.

Figure 7: Elevated hydrostatic pressure alters TGF-p2, ppET-1, and
CTGF expression independent of TRPV1 or TRPV4
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GTM3 cells were pretreated (30 min) with vehicle (0.1% DMSO) or with antagonists to TRPV1 (AMG-9810, 1uM), TRPV4 (HC-
067047, 1uM), or the combination, as indicated, and subsequently cultured at ambient or elevated hydrostatic pressures (+30
mmHg, x 6h). Relative changes in mRNA content were quantified by gPCR. Data shown are the mean fold changes £+ SEM (N=6).
*, p<0.05 relative to ambient pressure control; two-way ANOVA with Bonferroni post hoc analysis.

Figure 8: Elevated hydrostatic pressure alters TGF-p2, ppET-1,
and CTGF expression independent of oxidative stress
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GTM3 cells were pretreated with vehicle or with antioxidants (Trolox, 100 uM; Resveratrol, 20 uM), as indicated, and
subsequently exposed to ambient or elevated hydrostatic pressure (+30 mmHg). (A, B, D, E) Relative changes in cell viability. (C,
F) Relative changes in mRNA content following 6h exposure to ambient or elevated pressures were quantified by qPCR. Data
shown are the mean fold changes £ SEM (N=6). *, p<0.05 relative to ambient pressure control; two-way ANOVA with Bonferroni
post hoc analysis.

Figure 9: Elevated hydrostatic pressure mediated increases in
TGF-$2 and ppET-1 expression involve ETg Receptor
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GTM3 cells were pretreated (30 min) with vehicle (0.2% DMSO) or antagonists to the ET, (BQ-123, 1uM), ET; (BQ-788,
1uM), or TGF-BRI (SB-431542, 1 uM) receptor, as indicated, and subsequently exposed to ambient or elevated hydrostatic
pressure (+30 mmHg, x6h). Relative changes in mRNA content were quantified by gPCR. Data shown are representative results
of two independent experiments expressed as mean fold changes + SEM (N=3). *, p<0.05 relative to ambient pressure control;
two-way ANOVA with Bonferroni post hoc analysis.
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